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Abstract: The up-to-date records show that approximately 10% of people worldwide suffer from
periodontal diseases and about 50% of adults have some sort of moderate oral cavity disease. There-
fore, oral cavity diseases represent the group of the most common chronic inflammatory diseases
in the world. Thus, novel, natural, safe, and effective methods of treatment need to be found. In
this study, a systematic search was performed in PubMed and Google Scholar up to March 2022 to
select research evaluating the activity of propolis against bacteria responsible for oral cavity diseases.
Peer-reviewed journals in English containing information about the in vitro and in vivo studies were
included in our research. We excluded the records without access, written in another language than
English, thesis or book chapters, and review papers, and we rejected the texts when the authors did
not write about the antibacterial activity. Collected results of the inhibition zone as well as average
MIC and MBC values indicated that propolis exhibits antimicrobial activity against the strains of
bacteria which cause, e.g., periodontitis, gingivitis, caries, subgingival plaque, supragingival plaque,
recurrent aphthous ulcers (RAS), and pharyngitis. However, before propolis can be commonly used,
more research is needed to fully understand its composition and antibacterial mechanism of action.
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1. Introduction

People have been taking care of their teeth since ancient times, showing how important
it is to maintain good oral health. Oral health is constantly evolving due to development in
technology and medicine. Lately, attention has been paid to natural methods of treating
oral cavity diseases due to their reduced side effects [1]. According to the ADAH (American
Dental Hygienists” Association) in 2022, almost 80% of Americans will have at least one
cavity before age of 17, nearly 80% of Americans have some level of gum disease and
40% of children under the age of 3 years have never been to the dentist [1]. On the other
hand, in the United Kingdom (UK), regular visits to a dentist have not been confirmed by
39%, almost 66% of adults have visible plaque, caries has been diagnosed in 31% of adults,
about 74% of adults have had a tooth extraction and over 3 million people in the UK suffer
from oral pain [2]. In the UK, gingivitis and periodontitis caused by plaque constitute the
most common oral conditions. Additionally, evidence from 9th November 2021 shows
that around 10% of people worldwide suffer from periodontal diseases, and about 50% of
adults have some sort of moderate oral disease. Thus, the mentioned diseases can belong
to the group of most frequently diagnosed chronic inflammatory diseases in the world [3].
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Table 1 depicts the main bacterial strains which are responsible for oral cavity microbial
infections.

Table 1. Bacterial strains responsible for infections of the oral cavity.

Disease

Bacteria

Caries

Actinomyces israelii [4,5], Actinomyces naeslundii [6], Actinomyces odontolyticus [7],
Actinomyces viscosus [6], Alexandrium minutum [8,9], Bacteroides ovatus [8,10],
Bifidobacterium longum [4,11], Bifidobacterium adolescentis [4,11], Clostridium ramosum
[4,12], Clostridium perfingens [4,12], Eiknella corrodens [7], Fusobacterium nucleatum [7],
Lactobacillus acidophilus [7], Lactobacillus casei [13-15], Lactobacillus fermentum [8,10],
Peptoniphilus asaccharolyticus [16,17], Peptostreptococcus micros [18,19], Porphyromonas
endodontalis [6], Porphyromonas gingivalis [6], Prevotella melaninogenica [18,19], Prevotella
dentica [6], Staphylococcus aureus [8,20], Streptococcus cricetus [21], Streptococcus mitis [7],
Streptococcus mutans [21], Streptococcus salivarius [15], Streptococcus sanguinis [6],
Streptococcus sobrinus [21], Streptococcus viridans [16,22]

Gingivitis

Actinomyces israelii [23], Actinomyces naeslundii [6,24], Actinomyces viscosus [6,24],
Campylobacter gracilis [23], Clostridium perfrigens [23]

Periodontitis

Actinomyces israelli [25], Actinomyces naeslundi [25], Actinomyces odontolyticus [7],
Aggregatibacter actinomycetemcomitans [26], Capnocytophaga ochracea [8,25], Eikenella
corrodens [7], Fusobacterium nucleatum [7,27], Fusobacterium periodonticum [25],
Fusobacterium varium [16,28], Lactobacillus spp. [29], Peptostreptococcus anaerobius [19,30],
Porphyromonas gingivalis [31,32], Prevotella bivia [16,33], Prevotella intermedia [27],
Prevotella nigrescenes [25], Streptococcus bovis [13,34], Streptococcus gordonii [35,36],
Streptococcus intermedius [37], Streptococcus intermermedius [37], Streptococcus mutans
[29], Tanneralla forsythia [25,38], Treponema denticola [25,38], Veillonella parvula [19,39]

Pharyngitis

Streptococcus pyogenes [40]

Recurrent aphthous ulcers (RAS) Streptococcus sanguinis [6]

Subgingival plaque

Prevotella inermedia [27], Prevotella oralis [19,41], Porphyromonas gingivalis [27,38],
Tannerella forsythia [42]

Supragingival plaque

Actinomyces naeslundii [25,43], Fusobacterium nucleatum [43], Neisseria subflava [8,44],
Streptococcus mutans [43], Streptococcus oralis [8,43], Veillonella dispar [43]

The medications which can be applied to treat or prevent diseases of the oral cavity,
possible side effects of treatment, and the causes of tooth decay were described in our
previous publication [45].

Propolis called “bee glue” is a gummy resinous material made by the honeybees (Apis
mellifera) from resins they collect from leaf buds and bark of different plants [46]. The chemical
content of propolis depends on the geographical zone of origin, specificity of local flora, plant
sources, and the collection season [46,47]. Propolis is rich in biologically active compounds (over
300 compounds): resin and balsams (50-70%) [46], essential oils and wax (30-50%) [46], pollens
(5-10%) [46], amino acids [46,47], enzymes (amber dehydrogenase, glucose-6-phosphatase, and
acid phosphatases) [48], minerals (Mg, Ca, K, Na, Cu, Zn, Mn, Se, Fe, Si, Ni, Co, and V) [46,48,49],
vitamins (A, B1, B2, B6, C, D, and E) [4648], glucose [47], flavonoids (pinocembrin, acacetin,
chrysin, rutin, luteolin, kaempferol, apigenin, myricetin, catechin, naringenin, galangin, caffeic
and 3 4-dimethylcaffeic acids, isoferulic acid, tectochrysin, pinostrobin, and quercetin) [46,49-51],
phenolic compounds (artepillin C) [46,50], aromatic acids (ferulic, cinnamic, caffeic, benzoic,
butyric, salicylic, and p-cumaric) [47,49,50], esters (phenethyl ester) [48,50], terpenes (terpineol,
camphor, geraniol, nerol, and farnesol) [48,49], and beta-steroids [48]. Bee glue possesses
antioxidant activity (more potent than vitamin C), antibacterial, antiviral, antifungal, and anti-
inflammatory properties [46].

The amount of 70 mg/day of propolis has been determined as a safe dose of propolis
for a healthy person. More than 7.34 g/kg (LDsg) of propolis extract constitutes a median
lethal dose for conscious mice, whereas 150 mg of pinocembrin (a component of propolis)
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in a single dose can be considered safe. This confirms that propolis is a generally safe
natural product [52]. The side effects of propolis that were observed are shown in Table 2.

Table 2. Side effects of propolis.

Type of Side Effect Effect

Hypersensitivity (regard to topical application),
More common adverse effect resulting in allergic reactions (swelling,
dermatitis, and urticarial) [52]

Severe swelling of the throat, anaphylactic

Specific (individual) cases shock after topical application [52]

Severe side effects (seldom occurs) Laryngeal edema and anaphylactic shock [52]

Moreover, propolis therapy may also lead to stomatitis, contact dermatitis (only
1.2-6.6% of individuals [52]), cheilitis, and erythema multiforme [53].

This review aims to summarize up-to-date research on propolis as an effective sub-
stance for maintaining hygiene of the oral cavity and treatment of oral infections caused
by bacteria. Therefore, we focused on the papers in which the researchers reported in vitro
studies on bacterial strains which caused oral cavity infections and some in vivo studies
which underlined the therapeutic potential of propolis.

2. Search Methodology

PubMed and Google Scholar were used in March 2022 to search for English-language
papers containing phrases “(propolis) and (oral cavity) and (hygiene) and (antibacterial) or
(antimicrobial)”. The analysis of the database led to selecting 1120 records from Google
Scholar and 20,253 records from PubMed publications which could be related to the medical
use of propolis (Figure 1). The search results were excluded when (1) there was no access,
(2) another language than English was used, (3) they were thesis or book chapters, (4) review
papers, and (5) there was no information about the antibacterial activity. The following
were included into our study: (1) peer-reviewed journals in English in which there was
the information about the (1) in vitro and (2) in vivo studies of various strains of bacteria
responsible for oral cavity infections.

Records identified through carch “(propolis) and (oral cavity) and
(hygiene) and (; } or (antimicrobial)™

=,
PubMed n= 20,253
Google Scholar n= 1120

Pub = bl

Google Scholar n = 168

Paper selected after reading full text
(n=76)
PubMed n = 53
Google Scholar n = 76

Figure 1. The process of selection of the papers.
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3. Antibacterial Properties of Propolis: Mode of Action

Propolis interacts with lipids in the plasma membrane, increases membrane permeabil-
ity, disrupts membrane potential and adenosine triphosphate (ATP) production, inhibits
bacterial motility [49,53], cell envelope [54], efflux pumps [54], generates ion imbalance in
the microenvironment of the bacteria [53], as well as inhibits bacterial proteins and nucleic
acids synthesis [55].

Phenolic compounds and flavonoids play a crucial role in the antibacterial activity of
propolis [47]. Flavonoids (pinocembrin and apigenin) have antibacterial activity against S.
mutans and S. sobrinus [49]. Flavonoids (galangin, pinocembrin, and pinostrobin) increase
bacterial membrane permeability, inhibit bacterial genetic coding, nucleic acid synthesis,
the attachment and formation of biofilms, and energy metabolism of bacteria [52]. The B
ring of flavonoids inhibits bacterial nucleic acid synthesis [55].

Up to now, three pathways leading to disruption of the bacterial membrane by propo-
lis are known: (I) attaching to the bacteria cell wall, which leads to cell lysis and bacteria’s
death; (II) the interaction between the hydrophobic parts of the membrane and the polar
headgroup of propolis; (III) ability to inhibit protein synthesis. Moreover, flavonoids are
able to bind to bacterial cell walls leading to the lysis of the cells or inhibiting bacterial
growth by the inhibition of topoisomerase IV-dependent deactivation activity [55]. Api-
genin is a potent inhibitor of glucosyltransferases B and C [56], peptidoglycan synthesis,
and (-lactamase enzymes, and it alters the outer and cytoplasmic membrane permeabiliza-
tion [57]. Lipophilic properties of Tt-farnesol alter the permeability and fluidity of the cell
membrane and affect its glycolytic activity, production-secretion of glucosyltransferases
and acidurance [56]. Caffeic acid phenethyl ester also increases bacterial membrane per-
meability and inhibits bacterial RNA polymerase [58]. In case of P. gingivalis, artepillin C
(a phenolic compound) causes membrane blebbing and is responsible for bacteriostatic
activity [49]. 3-Prenyl-cinnamic acid allyl ester and 2-dimethyl-8-prenylchromene, which
are found in propolis, also possess antimicrobial activity [49]. Propolis also inhibits the
activity of glycosyltransferase enzyme via the synthesis induction of insoluble glycan. Thus,
propolis possesses antimicrobial activity against S. circuits, S. mutans, and S. sobrinus [46].

The inhibition of the cell envelope synthesis is possible by the inhibition of (I) 3
hydroxyacyl-ACP dehydrase, (II) 3-hydroxyacyl-acyl carrier protein dehydratase, (III)
fatty acid synthase-type II (FAS-II) and (IV) Ala-Ala synthetase. Flavonoids are also able
to inhibit the synthesis of cell envelopes. Quercetin, apigenin, and sakuranetin inhibit 3
hydroxyacyl-ACP dehydrase and act as competitive inhibitors of 3-hydroxyacyl-acyl carrier
protein dehydratase. 3-hydroxyacyl-ACP is a key component for bacterial membrane and
substrates for the acyltransferases (catalyze early steps in lipopolysaccharide biosynthesis),
which are important for bacterial survival. Quercetin, kaempferol, fisetin, myricetin, and
morin may inhibit FAS-II, which is important for membrane biogenesis. Apigenin, galangin,
and kaempferol inhibit Ala-Ala synthetase [54].

Baicalein, morin, silibinin, sylimarin, 6-prenylapigenin, and isobavachalcon inhibit
electron transport chain and ATP synthesis [54]. Galangin increases in potassium loss,
leading to direct cytoplasmic membrane damage of the bacterial cell wall [57]. Cinnamic
acid possesses antimicrobial activity, since it can inhibit the production and function of
ATPases, cell division, and biofilm formation. This is possible due to damaging the bacterial
cell membrane and disrupting the key metabolic pathways with a stress on the inhibition
of intracellular pH homeostasis [49,55].

Quercetin, morin, luteolin, and rutin inhibit efflux pumps such as ATP-binding cassette
(ABC) transporter, multi-antimicrobial and toxic compound extrusion (MATE) transporter,
major facilitator MFS) transporter, small multidrug resistance (SMR) transporter, and
resistance-nodulation cell division (RND) transporter, leading to the decreased level of
inhibitory concentration [54].

The inhibition of protein synthesis is possible by the inhibition of RN A-polymerase,
modulation of the crosstalk through the Toll-like receptor (TLR) of host-microbiota by
flavonoids, and activating different chief protein kinases by flavonoids [55]. Apigenin,
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catechin, quercetin, morin, and naringenin can cause cell membrane disruption and leakage
of intracellular contents [54]. Flavonoids (flavanols, flavan-3-ols, and flavones) bind to
topoisomerase II, resulting in cleavage of the DNA [54].

The inhibition of nucleic acid synthesis is possible by binding to (I) the bacterial
DNA gyrase B subunit, (II) topoisomerase II as well as inhibition of (III) topoisomerase
IV-dependent deactivation activity, (IV) dihydrofolate reductase (DHFR) and (V) helicase.
Quercetin, ellagic acid, and apigenin bind to the bacterial DNA gyrase B subunit to inhibit
ATPases activity and decrease bacterial activity [54,55]. Luteolin, morin, and myricetin
inhibit helicase, while epigallocatechin-3-gallate (ECGC) inhibits dihydrofolate reductase
(DHFR), which results in inhibiting the synthesis of nucleic acid and reducing the growth
of bacteria [54].

Flavonoids may also inhibit bacterial motility because they “quickly arrest bacterial
movement by blocking swarming motility to prevent bacterial adhesion as well as coloniza-
tion because bacterial movement and attachment occur at different times” [54]. It is also
believed that bee glue “wraps” around bacteria, leading to their elimination by the body’s
immune system. The strong immune and inflammatory response may be stimulated by
flavonoids, which are very potent inhibitors of eicosanoids production [46].

The anti-inflammatory mechanisms of propolis include the inhibition of cyclooxy-
genase (COX) and subsequent inhibiting biosynthesis of prostaglandins, and free radical
scavenging. Additionally, nitric oxide synthesis is inhibited, the concentration of inflamma-
tory cytokines is reduced, and immunosuppressive effects are observed [52]. Artepillin C
possesses anti-inflammatory activity such as the modulation of NF-kB and inhibition of
prostaglandin E2 and nitric oxide [49]. Caffeic acid phenethyl ester inhibits the activity and
expression of COX-2, while pinocembrin treatment of mice significantly reduces neuronal
pro-inflammatory cytokines (TNF-«, IL-1, and IL-6), chemokines (intercellular adhesion
molecule-1, vascular cell adhesion molecule-1), inducible nitric oxide synthase (iNOS), and
aquaporin-4. Moreover, pinocembrin suppresses the nuclear translocation of NF-«B and
decreases TNF-o expression [52]. The summarized antimicrobial properties of propolis are
presented in Figure 2.
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The anti-inflammatory activity: |
- “wraping” around bacteria leading
to their elimination by the body’s
immune system;

- COX inhibition and prostaglandin
biosynthesis inhibition;
- free radical scavenging;
- NO synthesis inhibition;

- inflammatory cytokines, and
immunosuppressive activity
reduction;

- artepillin C (modulation of NF-kB,
inhibition of prostaglandin E2 and
NO);

- caffeic acid phenethyl ester
(inhibition of COX-2 activity and
expression);

- pinocembrin (neuronal pro-
inflammatory cytokines and
chemokines, iNOS, and aquaporin-4
inhibition, NF-kB translocation
suppression, TNF-a expression
decrease).

f
| .
| - quercetin, morin, luteoin, and rutin (inhibit efflux
pump such as: ABC, MATE, MFS, SMR, and RND
transporters)

Bacterial resistance reduction:

Bacterial membrane damage and cell
wall binding:

- binding to cell wall of bacteria; -
interaction between the hydrophabic
regions of the membrane and the polar
head group of propolis;

- interaction with lipids in plasma
membrane;
- inhibition glycosylotransferase;
- inhibition of protein synthesis (RNA-
polymerase inhibition, TLR modulation,
activating of various important protein
kinases);

- apigenin, catechin, quercetin, morin,
and naringenin (cell membrane
disruption and leakage of intracellular
contents);

-galangin (increases in potassium
loss);

- apigenin (inhibitor of
glucosyltransferases B and C,
peptidoglycan synthesis and B-
lactamase);

- tt-farnesol (lipophilic properties
affecting its glycolytic activity,
production-secretion of
glucosyltransferases and acidurance).

Antimicrobial
activity of
propolis

Inhibition bacterial motility:
flavonoids (blocking swarming

motility). - flavonoids (inhibit topoisomerase V-

dependent deactivation activity).

Inhibition of cell envelope
synthesis:

- quercetin, api , and
sakuranetin (inhibition of B
hydroxyacyl-ACP dehydrase and B-
hydroxyacyl-acyl carrier protein
dehydratase);

Nucleic acid synthesis inhibition and
DNA cleavage:
- quercetin, ellagic acid, and apigenin
(binding to bacterial DNA gyrase B
subunit)
- epigallocatechin-:
DHFR);
- luteolin, morin, and myricetin (inhibit ‘

Inhibition energy metabolism of
bacteria:
- quercetin, ellagic acid, and
FAS- I1); | apigenin (inhibition of ATPases);

- quercetin, kaempferol, fisetin, ate (inhibits

myricetin, and morin (inhibition of
- bicalein, morin, stibinin, helicase);
sylimarin, 6-prenylapigenin, and
isobavachalcon (inhibition of
electron transport chain and ATP
synthesis).

- apigenin, galgagin, and
kaempferol (inhibition of Ala-Ala
synthetase).

- flavanals, flavan-3-ols, and flavones
(bind to topoisomerase ).

Figure 2. The summarized antimicrobial activity of propolis.

4. Results
4.1. Selected Studies

A total of 244 records were selected for further analysis, and the inclusion was based
on the titles and abstracts of papers published between 1991 and 2022. The selected papers
were read, and 168 of them were considered inappropriate for our study. The researchers
decided to include 76 original articles (2000-2022) into their systematic review, and the
papers were classified into two groups, i.e., in vitro and in vivo studies (Figure 1).

4.2. Antibacterial Activity of Propolis in Oral Cavity Bacterial Infections

Propolis is useful in oro-dental care in treating aphthous and traumatic mouth ul-
cerations, and it also possesses a slightly anesthetic effect. The toothpaste containing
propolis is useful for periodontal patients and hypersensitivity, while propolis liquid is
used in the treatment of aphthous type oral ulcerations, denture trauma, and herpetic and
nonspecific painful oral ulcerations. Mouthwash and gargling are used for the temporary
relief of sore gums and throat [46]. In toothpaste and mouthwash, propolis acts as an
anti-caulus agent [50]. Propolis mouthwash significantly reduces the bacterial count and
plaque accumulation after 3 weeks of use, while propolis toothpaste reduces gingival
inflammation [47]. The most useful is propolis tincture, since it “can be applied to areas
where other preparations are not so effective in staying in place”, especially in the treatment
of ulcers. During the treatment, a film of resin over the ulcer appears leading to pain relief
and provides a healing barrier to further irritation [46].
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4.2.1. In Vitro Studies

Koo et al. [6] examined how ethanolic extracts of propolis (EEP) from Brazil affected
various strains of Streptococcus spp. The researchers used propolis from the following
regions of the country: Northeastern Brazil (BA), Southeastern (MG), and Southern (RS)
Brazil. It was observed that all EEPs had biological activity against S. mutans. On the other
hand, the highest potency of EEP BA was recorded for all criteria of in vitro procedures
that were assessed in this study. The latter suggested that EEP BA could constitute an
effective anti-plaque/anti-caries agent. The antibacterial activity assays were carried out,
and minimum inhibitory concentrations (MIC) and minimum bactericidal concentrations
(MBC) of EEPs against S. mutans, S. sobrinus, and S. cricetus were determined. The values of
MBC were four to eight times higher than the MIC values (Table 3). The authors observed
also a marked inhibition of the adherence of S. mutans and S. sobrinus cells caused by EEPs,
and the inhibition was significant at all concentrations when compared to the control (80%
ethanol). Whereas, EEP BA in the concentration of 12.5 mg/mL inhibited cell adherence by
80% [6].

In the same year, Koo et al. [21] analyzed the impact of southeastern Brazilian propolis
ethanolic extract (10%) against S. sobrinus, S. sanguis, S. cricetus, S. mutans, A. naeslundii,
A. viscosus, P. gingivalis, P. endodontalis, and P. denticola. The researchers concluded that
propolis could prevent dental caries and periodontal diseases. A significant increase in
inhibition growth area after propolis extract treatment was observed for all bacterial strains.
Moreover, in case of the control (80% ethanol), the zone of microbial growth was not
observed. The biggest inhibition zone (about 9 mm) was observed for both Actinomyces spp.
strains [21].

In 2003, Duarte et al. [59] analyzed how the crude ethanolic extract of propolis affected
S. mutans and S. sobrinus. The researchers observed that propolis type 6 significantly
inhibited the growth and adherence of Streptococcus mutans. It should be mentioned that
there is a relationship between these biological activities and nonpolar components of
propolis. The authors determined MIC, MBC, and how bacteria adhered to a glass surface.
It is noteworthy that the antibacterial activity of the EEP, hexane, and chloroform fractions
was recorded. The MICs and MBCs of the test compounds are presented in Table 3 [59].

Sawaya et al. [60] extracted Brazilian propolis from the Sao Paulo state using several
solvents; therefore, they obtained extracts characterized by varied composition. The authors
evaluated the activity of propolis against S. pyogenes, S. mutans, S. salivarius, and S. sobrinus
with the use of in vitro assays. Moreover, serial dilution in tubes proved to be the most
appropriate method to estimate the bactericidal activity of the propolis sample. It was
observed that the synergistic effect of several components resulted in the bactericidal
activity of propolis. These components were determined with the use of HPLC, and the
most efficient extraction was recorded when 50% ethanol was the solvent. Serial dilution
in tubes and agar plate diffusion were employed to assay the bacterial activity of the
above-mentioned extracts. Table 3 presents the range of MBCs of those six propolis extracts
which were serially diluted in a tube [60].

Uzel et al. [61] determined the antimicrobial effect of four various Anatolian propolis
samples on different groups of microorganisms, e.g., S. mutans and S. sobrinus, and the
researchers compared their chemical compositions. The authors determined MIC values
and the chemical compositions of EEPs. The MIC values of the most effective propolis
are shown in Table 3. The GC-MS analysis indicated that the chief compounds of four
Anatolian propolis samples are flavonoids such as pinocembrin, pinostrobin, isalpinin,
pinobanksin, quercetin, naringenin, galangin, and chrysin [61].

Bruschi et al. [62] evaluated the antimicrobial activity of propolis against S. salivarius,
S. sanguinis, S. mitis, S. mutans, S. sobrinus, and L. casei. The authors noticed that propolis
possesses antimicrobial activity against all the strains of bacteria that were investigated.
The determination of the MIC results showed that S. sanguinis and S. mitis were more
susceptible to the propolis (Table 3) [62].
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De Paula et al. [63] investigated the antimicrobial activity of ethanolic extract and
fractions of Brazilian green propolis (BGP) collected by bees from Baccharis dracunculifolia.
The results indicated that S. mutans, S. sobrinus, P. gingivalis, F. nucleatum, F. necrophorum,
and A. actinomycetemcomitans were susceptible to BGP (Table 3). Antimicrobial activity
was evaluated by MIC, MBC, and the inhibition zone. Inhibition zones were 18.3 £ 1.15,
28.6 = 0.57,14.0 £ 0.00, 15.2 £ 0.26, 17.3 £ 0.57, and 14.6 & 0.57 mm, respectively. None of
the assayed fractions (coumaric acid, kaempferol, pinobanskin-3-acetate, chrysin, galangin,
kaempferide, and artepillin C) was found to be more active than the extract. Thus, it can
be concluded that the antimicrobial activity results from a synergistic effect of propolis
constituents [63].

The antimicrobial activity of propolis ethanolic extracts from Iran-Turanian, European-
Siberian, Brazil, and Turkey against certain oral pathogens was analyzed by Koru et al. [19].
Nine different strains were analyzed: P. anaerobius, P. micros, P. oralis, P. melaninogenica,
P. gingivalis, F. nucleatum, V. parvula, L. acidophilus, and A. naeslundii. The propolis extracts
from Rize (17.5% w/v), Kazan (9.4% w/v), Mugla (13.6% w/v), Tahtakopru (5.8% w/v), and
Brazil (4.6% w/v) were analyzed. The Kazan propolis sample showed significantly lower
MIC values in comparison to other samples. The obtained MIC values are shown in Table 3.
Moreover, the microorganisms died within 4 h (P. anaerobius, P. micros, L. acidophilus, and
A. naeslundii), 8 h (P. oralis, P. melaninogenica, and P. gingivalis), 12 h (F. nucleatum), and 16 h
(V. parvula) of incubation. The researchers did not identify any viable cells (CFU) after the
above-listed periods of time [19].

The antimicrobial effect of Cretan propolis against S. mutans was investigated by
Popova et al. [64]. The researchers observed a 20 mm inhibition zone for S. mutans af-
ter ethanolic propolis extract treatment. Moreover, the MIC value was calculated to be
0.17 mg/mL. The observed effect was weaker than in case of sanguinarine used as the
control (28 mm inhibition zone, MIC = 0.0015 mg/mL) [64].

Kim et al. [65] determined the optimal concentration of Korean propolis against
S. mutans and S. sobrinus isolated from Koreans. A dry extract of propolis was obtained
and dissolved in ethanol at a concentration of 448 mg/mL. The researchers found out that
propolis at a concentration of 35 pug/mL could be used in vivo to prevent the development
of dental caries. The determination of the MIC was used to obtain those results. After 24 h
of incubation in appropriate conditions, the researchers adopted the lowest concentration of
ethanol propolis solution which was required to inhibit visible growth as MIC (Table 3) [65].

Liberio et al. [66] researched the antimicrobial activity of M. fasciculata geopropolis
against oral pathogens, its effects on S. mutans biofilms, and the chemical composition
of the extracts. Moreover, the researchers investigated a gel for whose preparation a
geopropolis extract was used to evaluate its effectiveness against S. mutans as well as
its immuno-toxicological potential. The researchers concluded that geopropolis would
exhibit antimicrobial activity against S. mutans. The agar diffusion method and the broth
dilution technique were employed to assess antimicrobial activities of three hydroalcoholic
extracts (HAEs) of geopropolis, and hexane and chloroform fractions of one extract. Ethanol
(70%, v/v) and chlorhexidine (0.12%, w/w) were used as negative and positive controls,
respectively. Inhibition zones ranging from 10 to 13 mm in diameter for S. mutans, and no
activity against L. acidophilus were detected in case of HAE-2 and HAE-3. The average of
MBCs for HAE-2, its chloroform fraction, and HAE-3 against S. mutans are presented in
Table 3. What is more, HAE-2 had bactericidal effects on S. mutans biofilms after 3 h of
treatment. The total concentrations of phenol and flavonoid were significantly different in
various samples [66].

The ethanolic and aqueous extracts of the Iranian propolis collected in the northeast
area of Tehran were used to evaluate propolis antimicrobial activity against S. mutans,
S. salivarius, and L. casei. The study was conducted by Jafarzadeh Kashi et al. [15].
It could be concluded that the ethanolic extract of Iranian propolis is effective when
oral biofilms and subsequent dental caries development need to be controlled. The
zones of growth inhibition, MIC, and MBC were measured. The inhibition zones were
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16.00 £ 0.00, 20.00 £ 1.00, and 12.00 £ 1.00 mm (ethanolic extract of propolis) for S. mutans,
S. salivarius, and L. casei, respectively, and 12.00 £ 1.00 mm (water extract of propolis) for
S. mutans. The obtained results showed that the ethanolic extract had bacteriostatic and
bactericidal activity against all the strains (Table 3). On the other hand, the aqueous extract
was bactericidal only against S. mutans [15].

Kousedghi et al. [67] compared the activity of calcium hydroxide and propolis against
Lactobacillus spp. They carried out an experimental study in order to assess the antimicrobial
activity of ethanol extract of propolis and calcium hydroxide (Ca(OH),) powder mixed
with saline solution. The diameter of the inhibition zone, MIC, and MBC was determined.
The authors indicated that propolis was more effective against Lactobacillus spp. with
8.42 mm compared with the 7.0 mm mean diameter of the inhibitory zone for Ca(OH),. In
addition, the MIC and MBC values of propolis were lower than those of calcium hydroxide
(Table 3) [67].

Mohammad [31] determined the antibacterial actions of aqueous propolis extract
against black pigmented P. gingivalis (from periodontal pockets). The results indicated that
propolis had antibacterial actions against P. gingivalis, and it might be employed to treat
periodontal diseases. Additionally, it can be one of substances beneficial for prophylactic
procedures. These results were obtained based on a study in which swabs taken from the
periodontal pockets of 30 patients were used. The antimicrobial activity of propolis by
the well-diffusion method was characterized by inhibition zones. At 50% concentration of
propolis, the inhibition zone was 30 mm [31].

The antimicrobial activities of neovestitol and vestitol isolated from Brazilian red
propolis (BRP) were evaluated by Bueno-Silva et al. [68]. The results indicated that propolis
can be useful in pharmaceutical treatment due to its antimicrobial activities. These results
were obtained based on evaluating MIC and MBC against S. mutans, and S. sobrinus.
The obtained MIC and MBC values of ethanol propolis extract (EEP) are presented in
Table 3 [68].

Guilherme da Cunha et al. [69] studied the antimicrobial properties of the ethanolic
extract of geopropolis (EEGP) against S. mutans and A. naeslundii. EEGP was collected
by Melipona scutellaris. The authors evaluated also the antiproliferative activity of EEGP
and its bioactive fraction. MIC and MBC were determined to analyze the antimicrobial
activity of EEGP and fractions, and the results are presented in Table 3. This suggests that
geopropolis may be a good source of antibiofilm agents as well as possesses antimicrobial
activity [69].

Dziedzic et al. [70], in their ex vivo study, examined the antibacterial properties
of ethanol extract of propolis (EEP) against cariogenic bacteria: salivary S. mutans and
Lactobacillus spp. The samples were collected in Poland. The results showed that the extract
of Polish propolis affected salivary S. mutans and Lactobacillus spp. viability, exhibiting an
antibacterial efficacy on them, while Lactobacillus spp. were more susceptible to EEP. The
authors estimated MIC and MBC values (Table 3). The results they obtained suggest that
antibacterial substances with propolis could locally affect cariogenic bacteria [70].

Speciale et al. [71] tested the in vitro activity of alcoholic and hydroglyceric extract of
propolis against S. pyogenes. The authors also evaluated the in vitro activity of a combination
of propolis and its active ingredients (galangin, pinocembrin, chrysin, quercetin, caffeic
acid phenethyl ester, ferulic acid phenethyl ester, and farnesol) and some beta-lactams,
macrolides, and fluoroquinolones. The results did not demonstrate a synergistic activity
between antibiotics, propolis, and its constituents. The obtained MIC value of propolis
hydroglyceric extract for S. pyogenes is presented in Table 3 [71].

Barrientos et al. [72] used propolis samples from Chile to determine their chemical
and botanical characteristics. The authors evaluated how S. mutans and S. sobrinus are
biologically affected by propolis. Beekeepers from the central and southern regions of
Chile supplied twenty propolis samples for testing. The MIC was determined on S. mutans
and S. sobrinus. In all propolis samples, mainly structures from native plant species were
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detected. A wide spectrum of action was recorded, although the growth of S. mutans was
inhibited by all propolis samples (Table 3) [72].

Da Silva et al. [73] evaluated in vitro the synergistic effect between the ethanol extract
of different Brazilian propolis samples: green (Baccharis dracunculifolia) (A), red (Dalbergia
ecastophyllum) (B), and brown (Copaifera sp.) (C) propolis by the antimicrobial sensitivity
of S. mutans and S. sanguinis. The results showed that all extracts inhibited the growth of
both microorganisms. These results were obtained based on measuring inhibition zones
after 24 h and 48 h. The inhibition zones after 24 h were 21.50 % 0.50 (A), 27.25 £ 0.25 (B),
21.00 & 0.0 mm (C) for S. mutans, and 16.67 & 1.09 (A), 19.33 &+ 0.94 (B), 15.67 & 0.19 mm
(C) for S. sanguinis, respectively. The inhibition zones after 48 h were 21.50 £ 0.50 (A),
27.25 £ 0.25 (B), and 21.00 & 0.0 mm (C) for S. mutans, and 16.67 £ 1.00 (A), 19.33 £ 0.94
(B), and 15.67 £ 0.19 mm (C) for S. sanguinis, respectively [73].

Hatunoglu et al. [74] investigated how the antibacterial and mechanical properties of
conventional glass ionomer cement (GIC), used in orthodontic band cementation, would
be affected by ethanolic extracts of propolis (EEP). Four types of GIC were analyzed: one
using the original composition (without EEP) and three with addition EEP (10, 25, and
50%). The authors showed that EEP in concentrations of 25 and 50% inhibited the growth
of S. mutans, while EEP in the concentration of 10% and control group showed no impact on
S. mutans. The obtained MIC values for EEP are presented in Table 3. Interestingly, the MIC
values for GIC and EEP were much higher (31.2 pg/mL for GIC + 50% EEP, 125 pug/mL for
GIC + 25% EEP, and >1000 pg/mL for GIC + 10% EEP) than those for EEP only. It suggests
that EEP possesses much better antibacterial activity toward S. mutans [74].

De Luca et al. [75] added to a chitosan polymeric base (CHV), ethanolic propolis
extract in various concentrations of propolis varnishes (PV): PV1 (5%), PV2 (10%), and PV3
(15%). The researchers could conclude that the antimicrobial properties of propolis were
maintained even when propolis was incorporated into the coating of chitosan. The authors
indicated that the antimicrobial activity of propolis varnishes against S. mutans, S. sanguinis,
S. salivarius, and L. casei. The MIC and MBC values are presented in Table 3 [75].

Opbhori et al. [76] examined whether upper respiratory tract infections (URTIs) could
be treated and controlled with the use of propolis due to its antibacterial activity. The
results proved the antimicrobial effectiveness of propolis when used for the treatment
and management of bacterial URTIL. In this study, propolis extract was obtained with 70%
ethanol, and serial dilutions of 0.25, 0.5, 1, 2, 4, 8, and 10 pg/mL were prepared. A total of
250 throat swabs were collected from patients (aged between 15 and 30 years) diagnosed
with URTI. Only 2% had positive cultures with S. pyogenes. The results showed that these
isolates were sensitive to propolis at all concentrations. The inhibition zone for S. pyogenes
was 10 mm, while the MIC value is presented in Table 3 [76].

The antimicrobial activity of propolis toothpaste and mouth rinse against supragin-
gival multispecies biofilm was analyzed by Vanni et al. [43]. The biofilm contained
A. naeslundii, V. dispar, F. nucleatum, S. mutans, and S. oralis. The authors tested tooth-
paste without propolis, toothpaste with propolis (0.9%), toothpaste with chlorhexidine
(0.12%), mouth rinse with propolis (10%), mouth rinse with chlorhexidine (0.12%), and
saline solution. The obtained colony-forming units (CFU) values were 5.14 x 107 and
3.94 x 107, and 6.49 x 107, respectively for toothpaste without propolis, with propolis, and
with chlorhexidine. In case of mouth rinse, the CFU values were 3.77 x 108 and 4.58 x 10°,
respectively, for mouth rinse with propolis and chlorhexidine. Interestingly, the CFU for
the control sample (saline solution) was 3.36 X 108 [43].

Ethanolic extract of propolis and 0.2% chlorhexidine gluconate against oral pathogens
were analyzed for their antibacterial activity by Akca et al. [77]. The propolis extract similar
to chlorhexidine inhibited all of the oral microorganisms (S. mutans, S. sobrinus, L. acidophilus,
L. salivarius subsp. salivarius, and A. israelii) except P. gingivalis and A. actinomycetemcomitans.
Interestingly, the extract was also more effective against P. intermedia than chlorhexidine.
The obtained MIC and MBC values are presented in Table 3. The effect of propolis extract
was not caused by adding 80% ethanol, since all strains were resistant to the ethanol [77].
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The antimicrobial activity of Brazilian green wild propolis against S. mutans dental
biofilm was analyzed by Cardoso et al. [78]. Four different groups of compounds for biofilm
treatment (30 mL/1min, for 5 days) were tested: 33.3% ethanol propolis extract, 0.12%
chlorhexidine digluconate, 80% ethanol, and Milli-Q water. Each compound significantly
reduced the percentage of hardness loss. The obtained CFU /biofilm values for S. mutans
were 7.26 £ 0.08, 6.79 £ 0.10, 8.00 & 0.05, and 8.29 & 0.17, respectively, for ethanol propolis
extract, chlorhexidine, ethanol, and water [78].

The antimicrobial activity of propolis from Turkey against S. mutans and S. salivarius
was analyzed by Ertiirk et al. [79]. The authors used ethanol, ethyl acetate, acetone, water,
DMSO, and methanol extract of propolis. The obtained MIC values of S. salivarius were 1<,
2<, and 2< mg/mL, respectively, for ethyl acetate, acetone, and methanol extract. In case
of S. mutans, the MIC values were 4<, 1<, 4<, 2<, and 4< mg/mL, respectively, for ethyl
acetate, ethanol, acetone, methanol, and DMSO extract [79].

The antibacterial activity of Brazilian green propolis (BGP) against oral pathogens
(S. mutans, S. sanguinis, P. gingivalis, and A. actinomycetemcomitans) was analyzed by
Oda et al. [80]. The results indicated that BGP has antibacterial properties. The study
showed that Brazilian propolis in the concentration of 500 pg/mL significantly decreased
the growth of S. mutans, while the concentration of 2000 pug/mL resulted in total inhibition.
In case of S. sangius, a significant decrease was observed after treatment with Brazilian
propolis (50 pg/mL), while the complete growth inhibition was in the concentration of
200 pg/mL. Unfortunately, Brazilian propolis was less effective against A. actinomycetem-
comitans, since in the concentration of 2000 pg/mL, the growth was still observed. In
case of P. gingivalis, the propolis effect depended on the species (W83 and ATCC33277).
The obtained results showed that in case of W83, a substantial reduction in growth was
recorded for the propolis concentration of 50 pg/mL, and the total growth inhibition was
observed in the propolis concentration of 200 ng/mL, while for ATCC33277, it was 100 and
400 pg/mL, respectively [80].

The antimicrobial effect of 10% (w/v) ethanol extract of Indian propolis against
S. pyogenes was analyzed by Souza et al. [81]. The inhibition zone of the extract for
S. pyogenes was 16 & 2 mm [81].

The antimicrobial activity of seven different types of South Brazilian organic propolis
samples (OP1-OP7) against S. mutans, S. oralis, and S. sorbinus was analyzed by Tiveron
et al. [82]. Interestingly, OP2 showed the lowest MIC value for S. sorbinus, OP1 and OP3
showed the lowest MIC value for S. oralis, and OP1-OP4 showed the lowest MIC value for
S. mutans. In case of MBC, the lowest values presented OP1 and OP7 for S. mutans, OP1,
OP2, and OP7 for S. oralis. These values are shown in Table 3. It is worth observing that
all variants of propolis inhibited S. mutans biofilm formation at the concentrations of 400
and 800 pg/mL for approximately 90%. OP5 significantly inhibited biofilm formation at
400 pg/mL, while OP5 and OP6 in the concentration of 200 ug/mL were not effective in
biofilm inhibition. OP2 and OP3 showed the highest effectiveness for biofilm inhibition at
about 50 and 60%, respectively, in the concentration of 100 pg/mL [82].

The antibacterial activity of NBF gel containing vitamin C, E, and propolis against
S. mutans was examined by Abbas et al. [83]. The study showed a concentration-dependent
rise in the inhibition zone from 2.3 £ 1.7 to 16.5 £ 3.1 mm and from 4.3 + 3.6 to
13.8 & 2.8 mm, respectively, for alcoholic and aqueous extracts. The authors used alcoholic
and aqueous extracts in the concentration range from 10 to 50%. In the lowest concentra-
tion (10%), the inhibition zone was not detected, while in the concentration of 20%, the
inhibition zone occurred only in the alcoholic extract. The study also demonstrated that the
inhibition zone decreased with increasing the duration of use of the appliance. Moreover,
the authors observed that the mean of the colony count increased with the increasing time
of incubation [83].

The antimicrobial activity of Czech, German, and Irish ethanol propolis extract and
aqueous German propolis extract against S. oralis and S. pyogenes were analyzed by AL-
Ani et al. [84]. Interestingly, the Irish and Czech propolis was most efficient against



Appl. Sci. 2022,12,10123

12 of 31

S. oralis and S. pyogenes, while German aqueous propolis extract was less efficient. The
authors calculated MIC and MBC values (Table 3). Moreover, the authors analyzed also
the impact of Irish ethanol propolis extract and vancomycin in a checkerboard assay. In
the checkerboard assay, synergistic interaction against S. pyogenes of ethanol or aqueous
extracts of propolis with antibiotics was shown [84].

The antibacterial action of 10% propolis ethanol tincture against S. gordonii, S. sangui-
nis, S. mutans, S. sobrinus, L. acidophilus, and A. naeslundii was evaluated by Habluetzel
et al. [36]. The erosion study in which one hundred and twenty human enamel specimens
were covered with a salivary pellicle and modified with propolis, then eroded with 1%
citric acid (pH 3.6 for 2 min), showed that propolis did not cause enamel erosion. In the
microbiological assay, MIC values were calculated, and they are presented in Table 3. No
antimicrobial activity was detected in case of ethanol (10%). Moreover, the adhesion study
showed that 30 minutes and 2 hours of treatment with propolis significantly reduces the
adherence of S. gordonii [36].

The effect of red propolis hydro-alcoholic extract on S. mutans biofilm formation was
evaluated by Martins et al. [85]. The obtained MBC value (1171.87 ng/mL) was about
four times higher than the MIC value (292.97 ug/mL). Chlorhexidine showed bactericidal
activity against S. mutans in the concentration range from 0.15 to 300 ng/mL. Moreover, a
bigger number of colony-forming units was detected in 3% propolis extract in comparison
to 0.12% chlorhexidine extract. The researchers did not record significant differences be-
tween the group that received inoculum (3% red propolis extract, 0.85% NaCl, 0.05% NaF,
and 0.12% chlorhexidine) and 0.12% chlorhexidine only as long as the forming of a mature
biofilm on the surface of enamel blocks is concerned. Moreover, the insoluble extracellular
polysaccharide (IEPS) that prevailed over soluble (SEPS) was significantly lower in the
group that used red propolis and chlorhexidine when compared with the negative control.
The 3% propolis extract effectively reduces S. mutans colonization, impairing the produc-
tion of soluble and insoluble extracellular polysaccharides, and it reduces dental enamel
demineralization, which suggests that propolis can be effective in anti-carious effect [85].

The effect of Korean propolis ethanol extract from six different regions against S.
mutans was analyzed by Roh and Kim [86]. All of the samples reduced microbial growth.
The results showed that propolis collected from the regions Uijeongbu and Sangju were
the most effective against S. mutans. The authors analyzed two concentrations of propolis
extract (10 and 50 mg/mL). The obtained results of the inhibition zone were from 8.07 + 0.21
t0 9.10 £ 0.17 mm for propolis (10 mg/mL) and from 9.33 & 0.38 to 10.88 £ 0.39 mm for
propolis (50 mg/mL), dependently on the region of origin [86].

The antibacterial activity of propolis mouthwash against S. mutans was analyzed
by Santiago et al. [87]. The determination of MIC was used to estimate the product’s
antibacterial properties and its effectiveness against S. mutans in vitro. The obtained MIC
value for propolis is presented in Table 3. The MIC value for chlorhexidine was 5 pg/mL.
Ethanol as a solvent did not show any impact on the activity of propolis extract. Moreover,
the mixture of 1.3% propolis with 0.06% chlorhexidine showed inhibitory activity against S.
mutans even with the use of a 64-fold dilution to the ultimate chlorhexidine concentration
(9.5 pg/mL) [87].

The antibacterial activity of 6.5% Iranian propolis ethanol extract against S. mutans
and S. salivarius was analyzed by Asgharpour et al. [34]. They analyzed 57 Streptococcus
spp. strains: S. salivarius (n = 20), S. mutans (n = 20), S. oralis (n = 3), S. mitis biovar 1 (n = 4),
S. uberis (n =5), S. bovis (n = 3), S. equinus (n = 1), and S. parasanguinis (n = 1). The results
indicate that Iranian propolis inhibits cariogenic bacteria and oral biofilm formation, and it
is not cytotoxic for normal cells; thus, it can be a promising complementary medicine. In
case of Iranian propolis extract, the lowest MIC has S. salivarius. The obtained MIC values
depend on the strain and were one to five times lower than the MBC values (Table 3). The
sub-MIC concentrations significantly decreased the biofilm growth after 24 h treatment.
The most effective were Iranian propolis extract (6 ng/mL) and quercetin (20 pg/mL).
The maximum biofilm reduction was 71 to 76% and 44 to 56%, respectively, for propolis
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extract and quercetin, depending on the used method. The results indicated a much greater
efficiency of the extract than the one of quercetin [34].

The impact of 5% Peruvian propolis ethanolic extract on S. mutans growth was ana-
lyzed by Becerra et al. [88]. The results indicated that Peruvian propolis extract possesses
better antimicrobial activity than chlorhexidine digluconate. The negative control was 96%
ethanol, while the positive control was 0.12% chlorhexidine digluconate. The inhibition
growth area after the propolis treatment was 18.2 + 1.8 and 26.4 £ 2.6 mm for summer
and autumn samples, respectively. The inhibition area for chlorhexidine was 13.0 mm. The
growth of S. mutans was not inhibited by the negative control [88].

The antibacterial activity of Italian propolis against S. pyogenes was investigated by
Governa et al. [89]. The study showed that propolis is an effective antimicrobial agent. The
authors used ethanol extract. The obtained MIC value was 156 ug/mL and the effect was
not influenced by the ethanol (MIC 100-125 pug/mL) [89].

The antibacterial activity of mouthwash containing 0.8% of Brazilian red propo-
lis extract against S. mutans, S. sanguinis, S. salivarius, and L. casei was analyzed by
Martins et al. [14]. The study showed that red propolis can be a natural alternative in
bacterial infection, since it possesses antibacterial activity against Streptococcus spp. and L.
casei as well as a similar cytotoxicity and antibiofilm effect in comparison to chlorhexidine.
The authors analyzed MIC and MBC of 0.05% sodium fluoride (NaF); 0.8% red propolis
extract (RPE); 0.8% RPE + 0.05% NaF, and 0.12% chlorhexidine containing mouthwash. The
results are shown in Table 3. The analysis of antimicrobial activity showed also that using
RPE mouthwash resulted in highly reduced viable microorganisms (7.74 Log1oCFU/mL)
in comparison to RPE+NaF (7.95 Log1oCFU/mL), chlorhexidine (7.93 Log1oCFU/mL), and
the ordinary mouthwash. The greatest effectiveness in reducing Streptococcus spp. was
found for chlorhexidine, which did not vary from RPE and RPE+NaF [14].

Nazeri et al. [90] determined the antimicrobial activity of Iranian propolis against S.
mutans and L. acidophilus. MIC values are presented in Table 3. Moreover, the researchers
observed a rise in bacterial levels in water, which suggests that water did not decrease the
number of both bacteria. In case of L. acidophilus, propolis most significantly reduced the
number of bacteria (from 6.14 to 5.35, 5.68, and 5.97, after 12 hours, 1 week, and 2 weeks,
respectively). Listerine and chlorhexidine (0.12%) reduced the number of bacteria, but
after 1-week treatment, they reached the baseline level. Regarding S. mutans, propolis most
significantly reduced the number of bacteria (from 4.15 to 3.37, 3.81, and 4.05, after 12 hours,
1 week, and 2 weeks, respectively). Listerine and chlorhexidine reduced the number of
bacteria, but after 2 weeks of treatment, they reached the baseline level. Thus, propolis was
more efficient than other mouthwashes [90].

Agbor et al. [91] analyzed the impact of propolis extracts from the western region of
Cameroon on Lactobacillus spp. and S. mutans. They proved that an inhibition diameter was
greater for the aqueous extract of propolis than the one for the hydroalcoholic extract. The
authors used hydroalcoholic and aqueous extracts of propolis as well as gentamycin to
determine MIC and MBC. Table 3 presents the obtained results. The inhibition diameters
of extracts on S. mutans corresponding to MICs were 10, 26, and 8 mm, respectively
for aqueous, gentamycin, and hydro alcoholic extract. In case of Lactobacillus spp. the
inhibition diameters were 11, 29, and 8 mm, respectively, for aqueous, gentamycin, and
hydroalcoholic extract. The authors suggest that the difference between the aqueous and
hydro alcoholic extract may be caused by the fact that the chemical components may vary,
and resin-like substance may be present. The chemical analysis of both extracts showed
that the aqueous extract is characterized by higher concentration of metabolites (coumarins,
saponins, alkaloids, tannins, quinones, and flavonoids) than the hydroalcoholic extract [91].

Rivero-Cruz et al. [92] studied the antibacterial properties of the ethanolic extract of
propolis (EEP), and they used samples from México. MIC assay was employed to test the
compounds which were isolated. The antimicrobial screening revealed that EEP inhibited
the growth of S. mutans, S. oralis, S. sanguinis, and P. gingivalis. MIC values are presented in
Table 3 [92].
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The antibacterial effect of Iranian propolis and Persica mouthwashes against S. mutans,
S. salivarius, and S. sanguis was analyzed by Alemrajabi et al. [93]. The results indicated
that the propolis sample exhibited much better antibacterial activity in comparison to
Persica mouthwash. These results were obtained based on the inhibition zone and MIC
determination. The zone of inhibition was 7.8 £+ 0.2, 14.0 &+ 2.7 and 12.2 £+ 0.1 mm,
respectively for S. mutans, S. salivarius, and S. sanguis. 1t suggests that S. salivarius was
significantly more sensitive in comparison to other strains. In case of Persica mouthwash,
the most sensitive was also S. salivarius with the inhibition zone 24.0 £ 2.16 mm. The
obtained MIC values for propolis are presented in Table 2. The obtained MIC values for
Persica mouthwash were 1.4, 1.4, and 1.8 pg/mL, respectively for S. mutans, S. salivarius,
and S. sanguis [93].

Bapat et al. [94] assessed the antimicrobial activity of the aqueous and ethanol extracts
of propolis. The MIC values for S. mutans and L. acidophilus are presented in Table 3. In
conclusion, this study determined propolis as an effective agent against oral pathogenes S.
mutans and L. acidophilus [94].

The antimicrobial effect of thirteen different Peruvian propolis against S. gordonii and
F. nucleatum was analyzed by Gomez et al. [95]. Here, 0.12% chlorhexidine was used as
a control. The authors noticed that S. gordonii was resistant to four samples of propolis
and F. nucleatum was resistant to seven samples of propolis. The obtained inhibition zones
for chlorhexidine were 14.45 £ 0.30 and 14.40 =+ 0.18 mm, respectively, for S. gordonii and
F. nucleatum. In case of propolis samples, the inhibition zones were from 1.73 £ 0.15 to
10.88 £ 0.09 mm and 7.65 £ 0.10 to 10.88 & 0.10 mm, respectively, for S. gordonii and F.
nucleatum [95].

The antibacterial effect of propolis gel on S. mutans and L. acidophilus was evaluated by
Hajiahmadi et al. [96]. The obtained results showed that in all concentrations, propolis and
Aloe vera gel inhibited the growth of S. mutans and L. acidophilus. The inhibition of Lactobacil-
lus was stronger than Streptococcus. The inhibition zone for propolis gel were 8.05 + 0.27,
11.50 £ 0.74, and 14.26 £ 0.77 mm (for L. acidophilus) and 7.74 £ 0.51, 8.85 4+ 1.03, and
10.81 £ 0.70 mm (for S. mutans), respectively, after 24, 48, and 72 h. It is worth noting that
the inhibition area of lower concentrations of propolis and Aloe vera gel was bigger than
the one of other analyzed gels. This suggests the antibacterial effectiveness of a gel with
propolis and Aloe vera even at low concentrations [96].

Ismail et al. [97] evaluated the antimicrobial activities of ethanol extracts of propolis
(EEP) from Trigona thoracica against S. mutans and S. sobrinus. The results showed that
the tested propolis can be used as an antibacterial agent against investigated cariogenic
bacteria. The antimicrobial activity of EEP expressed as the mean of inhibition diameter
as well as MIC values were determined. The median inhibition diameter zone using EEP
against S. mutans and S. sobrinus was 14 and 18 mm, respectively. The obtained MIC values
of EEP against S. mutans and S. sobrinus are presented in Table 3 [97].

Navarro-Perez et al. [98] investigated the antimicrobial effect of Spanish ethanolic
extract of propolis against S. mutans and S. sanguinis. The obtained results showed that
Spanish propolis is effective against S. mutans and S. sanguinis, which play a crucial role
in dental plaque formation. The authors determined the MIC and MBC values, which
are presented in Table 3. The ethanol used in the extract had no impact on microbial
viability, since a minimum 12.5% concentration was necessary to inhibit the growth of the
analyzed strains. The MIC values for ampicillin sodium (positive control) were 0.16 and
0.31 ug/mL, while MBC values were 0.08 and 0.31 pug/mL, respectively, for S. mutans and
S. sanguinis. The analyzed propolis extract does not possess as strong antimicrobial activity
as ampicillin sodium. S. sanguinis is more susceptible to the propolis extract in comparison
to S. mutans [98].

Ozan et al. [99] researched the antimicrobial effect of propolis drops on S. mutans.
The authors analyzed seven different drops: Umay Herbal Organic Propolis, Bee’o Up
(15%), Propoli EVSP, Brazilian Green Liquid Propolis, Egricayir Propolis, Bee’o Up (30%),
Biostore Propolis as well as 2% chlorhexidine and 10 pL of chloramphenicol as a positive



Appl. Sci. 2022,12,10123

15 of 31

control. The obtained minimal area of zones for S. mutans was: 0, 20, 14, 15, 30, 24, 12,
34, and 22 mm, respectively, for Umay Herbal Organic Propolis, Bee’o Up (15%), Propoli
EVSP, Brazilian Green Liquid Propolis, Egricayir Propolis, Bee’o Up, Biostore Propolis,
2% chlorhexidine, and chloramphenicol. Interestingly, Egricayir Propolis and Bee’o Up
showed stronger activity than chloramphenicol, while chlorhexidine showed the strongest
impact against S. mutans [99].

Tambur et al. [7] studied the antimicrobial activities of propolis solutions against some
oral cariogenic (S. mutans, S. mitis, S. sanguis, and L. acidophilus) and periodontopathic bacte-
ria (A. odontolyticus, E. corrodens, and F. nucleatum). Their results indicate that propolis may
help prevent dental caries and other oral infectious diseases. The authors investigated the
antimicrobial activity of propolis dissolved in benzene, diethyl ether, and methyl chloride
by the agar dilution method. Dilutions for propolis were 50, 25, 12.5, and 6.3 pg/mL of
active propolis solutions. The results showed that propolis solutions dissolved in benzene,
diethyl ether, and methyl chloride demonstrated equal effectiveness against all investigated
oral bacteria. However, propolis solution dissolved in acetone displayed a lower MIC value
only for L. acidophilus (Table 3) [7].

Finally, the studies performed by Onur et al. [100] showed that MIC and MBC values
of water-based Turkish propolis extract against L. acidophilus were 5000 pg/mL (ppm) [100].

Table 3. Summary of antibacterial activity of different propolis extracts.

Bacteria

MIC

MBC Reference

51.2 +44.4 ug/mL*

89.6 + 98.1ug/mL *

[19]

Actinomyces naeslundii 800-1600 pg/mL >1600 ug/mL [69]
<0.63% [36]

Actinomyces odontolyticus 12.5 pg/mL [7]
Aggregatibacter 30-60 pg/mL 200-400 pg/mL [63]
actinomycetemcomitans 64 pg/mL 128 ug/mL [77]
Eikenella corrodens 12.5 pg/mL [7]
F}f;‘;iﬁj:;ﬁ 30-60 pg/mL 200-400 pg/mL [63]
256.0 + 147.8 pg/mL * 358.4 +132.1 pg/mL * [19]

Fusobacterium nucleatum 30-60 pg/mL 200-400 pg/mL [63]
125 ug/mL [7]

48.8 +46.8 ug/mL * 68.8 + 54.8 ug/mL * [19]

4.0 pg/mL 4-8 ug/mL [77]

<0.63% [36]

600 pg/mL [90]

Lactobacillus acidophilus

12.5 ug/mL (propolis solutions
dissolved in benzene, diethyl ether
and methyl chloride) [7]
6.3 ug/mL (propolis solutions
dissolved in acetone)

4.5 pg/mL (cold ethanolic propolis)
5 ug/mL (hot ethanolic propolis)

5000 pg/mL

[94]

5000 pg/mL [100]
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Table 3. Cont.
Bacteria MIC MBC Reference
200-300 pg/mL [62]
Lactobacillus casei 250 pg/mL (ethanol extract) 250 pg/mL (ethanol extract) [15]
29.76 mg/mL 59.52 mg/mL [14]
0.6-1.2 mg/mL 0.6-1.2 mg/mL [75]
Lactobaczlitzizzl;izzzsrms subsp. 2.0 ug/mL 40 pg/mL (7]
8.0 mg/mL 16 mg/mL [67]
Lactobacillus spp. 100 i?;rgn/L Hzﬁ;ggcielgg}iciﬁfgr)act) 25 mg/mL (aqueous extract) [91]
0.7 mg/mL 591 mg/mL [70]
Peptostreptococcus anaerobius 20.8 +10.1 ug/mL* 32.0 +18.4 ug/mL* [19]
Peptostreptococcus micros 16.0 + 9.2 ug/mL * 19.2 + 11.4ug/mL * [19]
30-50 pg/mL 200-400 pg/mL [63]
Porphyromonas gingivalis 2944 +198.2 ug/mL * 384.0 + 170.6 pg/mL * [19]
32 ug/mL 64 pg/mL [77]
500 pg/mL [92]
Prevotella intermedia 8.0 ug/mL 8.0 ug/mL [77]
Prevotella melaninogenica 204.8 + 66.0 ug/mL * 381.6 + 132.1 ug/mL * [19]
Prevotella oralis 230.4 + 54.0 pg/mL * 460.8 +107.9 ug/mL * [19]
Streptococcus bovis 12.5 pg/mL 50 pg/mL [34]
25 ug/mkL (EEP BA), 100 ng/mL (EEP BA),
Streptococcus cricetus 50 ug/mL (EEP RS), 200 pg/mL (EEP RS), [21]
400 pg/mL (EEP MG) >800 png/mL (EEP MG)
Streptococcus equinus 12.5 pg/mL 100 ug/mL [34]
Streptococcus gordonii 1.25% [36]
o 20 pg/mL [62]
Streptococcus mitis
12.5 ug/mL [7]
Streptococcus mitis biovar 1 6.25-12.5 ug/mL 50 pg/mL [34]
50 pg/mL (EEP BA), 400 pg/mL (EEP BA),
100 ug/mL (EEP RS), 400 pug/mL (EEP RS), [21]
400 ug/mL (EEP MG) >800 pg/mL (EEP MG)
50-100 pg/mL 800-1600 pg/mL [59]
2.5-10 mg/mL [60]
8.0 ug/mL [61]
Streptococcus mutans 200 pg/mL [62]
25-50 ug/mL 200-400 pg/mL [63]
100—200 pg/mL 100—-200 pg/mL [68]
0.17 mg/mL [64]
25-50 ug/mL >1600 pug/mL [69]
35 pug/mL [65]
1.10 mg/mL 9.01 mg/mL [70]




Appl. Sci. 2022,12,10123 17 of 31
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Bacteria MIC MBC Reference
11.12 mg/mL [66]
250 pg/mL (ethanol extract) 250 pg/mL (ethanol extract) [15]
500 pg/mL (water extract) 20 mg/mL (water extract)
4.0 ug/mL 8.0 ug/mL [77]
50-100 pug/mL (OP1-OP4) 400-800 ug/mL (OP1, OP7)
800-1600 ng/mL (OP3)
100-200 pg/mL (OP5, OP7) 51600 ug/mL (OP2 [44]
400-800 pg/mL (OP6) OP4-OP6)
<4.0 mg/mL (acetone extract, ethyl
acetate extract),
<1.0 mg/mL (ethanol extract), [31]
<2.0 mg/mL (methanol extract),
<4.0 mg/mL (DMSO extract)
1.25% [36]
292.97 ug/mL 1171.87 ng/mL [85]
6.25-25 pg/mL 50-100 pg/mL [34]
Streptococcus mutans
7.44 mg/mL >29.76 mg/mL [14]
300 pg/mL [90]
0.90 to 8.22 mg/mL [72]
15.7 ug/mL (EEP) [74]
0.6-1.2 mg/mL 0.6-1.2 mg/mL [75]
50 mg/mL (aqueous extract)
100 mg/mL (hydroalcoholic extract) 25 mg/mL. (aqueous extract) o1
12.5 ug/mL [7]
625 ug/mL [97]
250 pg/mL [92]
5.0 pg/mL (cold ethanolic propolis [94]
and hot ethanolic propolis)
2.65 mg/mL [87]
240 pg/mL 480 pg/mL [98]
1.16 pg/mL [93]
100-200 png/mL (OP1,
12.5-25 pg/mL (OP1-OP3) OP2, OP7) [44]
25-50 pug/mL (OP4-OP7) 200—400 pg/mL (OP3, OP6)
400-800 pg/mL (OP4, OP5)
03 mg/mL (German 0.6 mg/mL (German
. ethanol extract)
Streptococcus oralis ethanol extract)
0.3 mg/mL (Czech ethanol
0.1 mg/mL (Czech ethanol extract, . [84]
. extract, Irish ethanol extract)
Irish ethanol extract)
5.0 mg/mL (German
1.2 mg/mL (German water extract)
water extract)
25 pg/mL 50 pug/mL [34]
125 pg/mL [92]
Streptococcus parasanguinis 25 pg/mL 200 pg/mL [34]
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Table 3. Cont.
Bacteria MIC MBC Reference
5-10 mg/mL [60]
1.2 mg/mL (German
ethanol extract)
0.6 mg/mL (German ethanol .
0.6 mg/mL (Irish
extract, German water extract) thanol extract)
0.08 mg/mL (Czech ethanol extract, ¢ [84]
Streptococcus pyogenes . 0.1 mg/mL (Czech
Irish ethanol extract)
ethanol extract)
2.5 mg/mL (German
water extract)
156 pg/mL [89]
8.0 ug/mL [76]
512-1024 ug/mL [71]
30 pg/mL [62]
1.25% [36]
7.44 mg/mL >29.76 mg/mL [14]
Streptococcus sanguinis 12.5 ug/mL (7]
125 ug/mL [92]
60 pg/mL 120 pg/mL [98]
1.8 ug/mL [93]
5-20 mg/mL [60]
90-100 pg/mL [62]
500 pg/mL (ethanol extract) 500 pg/mL (ethanol extract) [15]
0.6-1.2 mg/mL 0.6-1.2 mg/mL [75]
<1 mg/mL (ethyl acetate extract),
Streptococcus salivarius <2mg/mL (acetone extract, [31]
methanol extract)
0.6-1.2 mg/mL 0.6-1.2 mg/mL [75]
3.12-25 pg/mL 50-100 pg/mL [34]
7.44 mg/mL 7.44 mg/mL [14]
1.16 ug/mL [93]
25 ug/mL (EEP BA), 100 ug/mL (EEP BA),
50 pg/mL (EEP RS), 200 pg/mL (EEP RS), [21]
400 nug/mL (EEP MG) >800 ug/mL (EEP MG)
25-100 pug/mL 200-800 pg/mL [59]
5-20 mg/mL [60]
Streptococcus sobrinus 2 pg/mL [61]
200 pg/mL [62]
25-50 pg/mL 200-400 pg/mL [63]
<6.25 ng/mL 50—100 pg/mL [68]
70 pg/mL [65]
0.90-8.22 mg/mL [72]
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Table 3. Cont.

Bacteria

MIC MBC Reference

4.0-8.0 pg/mL 8.0 ug/mL [77]

25-50 g/ mL (OP2)
50-100 pg/mL (OP1, OP3, OP4)

100-200 pg/mL (OP7) >1600 pg/mL (OP1-OP7) [44]

Streptococcus sobrinus 400-800 pug/mL (OP5, OP6)
1.25% [36]
25 pg/mL 100 pg/mL [34]
625 ug/mL [971]
Streptococcus uberis 25 ug/mL 100 pg/mL [34]
Veillonella parvula 20.8 +10.1 pg/mL* 32.0 +18.4 pug/mL* [19]

* mean + SD

4.2.2. In Vivo Studies

The authors of the review study resolved to comment also on in vivo studies, since
they believed it was important to highlight the important role of honey in the treatment of
oral cavity bacterial infections.

Gebara et al. [32] evaluated the additional effect of subgingival cleaning with the
use of propolis extract on deep periodontal pockets following a mechanical therapy. In
their research, they used both clinical and microbiological parameters. The in vivo study
indicated that the total viable counts of anaerobic bacteria decreased, the percentage of sites
with low levels increased (< 10 CFU/mL) of P. gingivalis, and the number CF sites in group
A sites in comparison to group B and C decreased. The study included twenty patients
with chronic periodontitis. Irrigation was applied in two groups with the use of: a hydro
alcoholic solution of propolis extract twice a week for two weeks (group A); a placebo
twice/week for two weeks (group B). One group was not additionally treated (C). Two
weeks after clinical data recording, the researchers collected subgingival plaque samples.
Scaling and root planing were also performed. After another two weeks, irrigation began
(baseline). Microbiological and clinical data were collected at baseline and after 4, 6, and
24 weeks [32].

De Carvalho Duailibe et al. [101] analyzed propolis extract activity against S. mutans
in vivo. The results showed that the propolis extract has an in vivo antimicrobial activity
against S.mutans and might be used as an alternative solution to prevent dental caries.
The results were obtained based on the study of forty-one young volunteers who used
a rinse of 3 mL propolis extract solution for seven days. During the trial, three samples
were collected (first: in the morning, the second: 1 hour after the first use of the solution,
and the third sample was obtained after 7 days). The alterations in the number of colonies
of S.mutans were observed in patients between the 1st and 2nd collection, i.e., a decrease
in 62% of samples, an increase in 14% of samples, and no change in 24% of samples (an
important difference in the number of S. mutans between the collections 1 and 2 defined
as mean = SD, 4.275 £ 0.8459 versus 2.809 + 2.0911). Whereas, between the 1st and 3rd
collection, the bacterial concentration detected in patients translated into a reduction in
81% of samples, an increase in 9.5% of samples, and no change in 9.5% samples (between
collections 1 and 3: 4.275 & 0.8459 versus 2.4184 £ 1.9999). Consequently, a reduced
number of S. mutans both after the beginning (collection 2) and after the full treatment
(collection 3) was observed [101].

Another group of researchers, Machorowska-Pieniazek et al. [102], assessed the effect
of 3% ethanol extract of propolis (EEP) on the microbiological status of the oral cavity in
patients with cleft lip and palate, which were treated with fixed orthodontic appliances. The
percentage of the Actinomyces spp. and Capnocytophaga spp. was statistically significantly
decreased compared with baseline in the propolis group. However, such a result was
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not obtained for Streptococcus spp. Forty-one patients participated in the study, and they
were divided into two subgroups. The I subgroup included twenty-one patients who used
propolis toothpaste to brush their teeth three times a day, while in the II subgroup, there
were twenty patients who brushed their teeth three times a day with toothpaste without
propolis, and they constituted the control group. The next step involved the collection
of the supragingival bacterial plaque from each patient at baseline and after using the
toothpaste for 35 days [102].

Skaba et al. [37] tried to answer the question of how toothpaste with Brazilian extract
of propolis (EEP) affected oral health. Their results suggested that the microbial action
of EEP at 50 mg/L concentration was time-dependent, and EEP revealed antimicrobial
activity against S. intermedius. The researchers examined oral microflora from thirty-two
adult patients with marginal periodontium to obtain their results [37].

Sanghani et al. [27] evaluated whether Indian propolis extract used subgingivally
could supplement scaling and root planing (SRP) in the treatment of periodontitis. The
obtained results indicated that the groups showed a reduction in the microbial count of
P. gingivalis, P. intermedia, and F. nucleatum. The results were obtained based on the study
of forty patients diagnosed with chronic periodontitis who were divided into two groups:
the I group (twenty patients who received SRP alone) and the II group (twenty patients
who received SRP and locally delivered propolis). The samples of subgingival plaque were
collected at baseline, after 15 days, and one month, and they were cultured for periodontal
pathogens in anaerobic conditions [27].

Kumar et al. [38] evaluated the efficacy of propolis tooth gel on plaque inhibition.
The study showed a significant reduction in P. gingivalis only in the first group, while all
three strains (P. gingivalis, T. forsythia, and T. denticola) were significantly decreased in the
propolis group. The results were obtained based on the study of forty patients with chronic
periodontitis who were classified into two groups: the I group (twenty patients used Aloe
vera gel) and the II group (twenty patients used propolis gel for 3 months) [38].

El-Sayed et al. [103] assessed the impact of ethanol propolis extract mouthwash on
oral microflora. The study indicated about a 25-fold decrease in the total bacterial count
after propolis mouthwash use, but the observed decrease was lower in comparison to
chlorhexidine (about an 1107-fold decrease). The results were obtained in the study of
ninety children who were classified into two groups: the I group (forty-five children used a
propolis extract containing mouthwash for 1 minute three times a day for 5 days), and the
II group (forty-five children used 0.2% chlorhexidine containing mouthwash) [103].

Niedzielska et al. [4] analyzed the effect of 3% Brazilian green propolis extract gel
on oral microbiota. The authors noticed a time-dependent decrease in the number of
oral microorganisms from 28 strains of microorganisms of 54 species at the beginning to
48 microorganisms strains of 20 species after 22 days of treatment in the study group. In
contrast, the number of strains in the control group increased from 18 to 25 after 22 days.
The comparison of microorganisms between the 1st and 22nd day of treatment showed that
eight new strains occurred (S. oralis, S. vestibularis, S. aureus MSSA, V. parvula, B. longum, L.
acidophilus, C. ramosum, and F. nucleatum), while 15 strains were eliminated (R. productus, B.
adolescentis, B. infantis, A. israelii, A. naeslundii, A. odontolyticus, A. viscosus, C. perfringens,
C. spp., B. distasonis, C. gracile, C. ochracea, M. multiacidus, P. bivia, and P. melaninogenica).
The results were obtained based on the study of thirty-one patients who were classified
into two groups: the I group (sixteen patients used propolis gel) and the II group (fifteen
patients used a placebo for 1, 8, and 22 days) [4].

Piekarz et al. [23] focused on how toothpaste with Australian Melaleuca alternifolia oil
and ethanolic extract of Polish propolis affected the microbiome and the hygiene of the
oral cavity. The authors observed that in the propolis group, 305 bacterial strains were
identified, while 321 strains of bacteria were identified in the Melaleuca alternifolia group.
In case of the propolis group, the number of strains decreased, while in the control group,
they increased. In the propolis group, S.mitis, S. sanguis, S. salivarius, A. israelii, A. naeslundii,
C. perfringens, and L. acidophilus were decreased, while C. gracilis was eradicated. The
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results were obtained in the study of fifty-one patients who were classified into two groups:
the I group (twenty-five patients used toothpaste with the active ingredients: Melaleuca
alternifolia oil and 1.5% ethanol extract of Polish propolis), and the II group (twenty-six
patients used negative control toothpaste) [23].

Pundir et al. [26] analyzed the impact of one-stage full-mouth disinfection with the
use of 20% propolis hydroalcoholic solution. The in vivo study group comprised chronic
periodontitis patients. The authors noticed the reduction in microbial count for A. actino-
mycetemcomitans, P. gingivalis, and P. intermedia after 12 weeks of treatment in comparison to
control (413.33 £ 103.83 and 554.53 + 135.37, 383.07 + 114.6 and 470.8 & 87.21, as well as
347.47 £+ 105.94 and 512.73 £ 183.34, respectively). The results were obtained based on the
study of thirty patients who were classified into two groups: the I group (fifteen patients
used 20% propolis hydroalcoholic solution for 3 months) and the II group (fifteen patients
were a control) [26].

Wiatrak et al. [8] analyzed the effect of a Polish propolis and tee tree oil-containing
hygienic agent on certain oral health parameters, oral microflora, and the condition of
periodontal health in vivo. The authors observed a significant improvement in hygiene
and the condition of the periodontium in the propolis group. The microbial investigation
showed that in the propolis group in the first test, 77 microorganisms of 31 species were
isolated, after 7 days of treatment, 78 microorganisms of 27 species were isolated, while
after 4 weeks of treatment, only 65 microorganisms of 24 species were isolated. The bacterial
species which were eliminated included: A. viscocus, A. israelii, A. parvulum, B. ovatus, C.
botulinum, E. saburreum, L. acidophilus, L. fermentum, and P. granulosum. The microflora
gained the following species: A. minutum, C. butyricum, C. ochracea, P. melaninogenica,
M. spp., S. oralis, P. rustigiani, and S. maltophilia. In the control group in the first test,
79 microorganisms of 25 species were isolated, after 7 days of treatment, 83 microorganisms
of 28 species were isolated, while after 4 weeks of treatment, 92 microorganisms of 26 species
were isolated. The eradicated bacterial species included: C. sporogenes, E. saburreum, L.
fermentum, B. ovatus, B. uniformis, F. mortiferum, P. oralis, and S. aureus. The microflora gained
the following species: C. chauvoei, P. propionicum, S. mutans, and N. sicca. The number of the
following bacteria declined: B. producta, C. clostridiforme, L. acidophilus, C. ochracea, and S.
sanguinis, but the count of certain bacteria increased: A. israelii, A. naeslundii, C. gracilis, S.
mitis, S. salivarium, and N. subflava. The results were obtained in the study of thirty-seven
patients who were divided into two groups: the I group (eighteen patients used toothpaste
with the active ingredients: tea tree oil and 1.5% ethanol extract of Polish propolis), and the
II group (nineteen patients used negative control toothpaste) [8].

Peycheva et al. [16] analyzed the effect of marketed toothpaste and the addition of
the extract of Bulgarian propolis to the toothpaste on oral microbial flora. The authors
showed that the Bulgarian propolis in the toothpaste may improve the oral hygiene of
patients, since it increases oral health, gingival condition, and activity against periodontal
and cariogenic pathogens. The authors noticed a decrease in S. mutans samples from
nine to four and from 10 to zero, respectively for the control and propolis groups. The
study showed that the propolis extract completely eradicated S. mutans, F. varium, Gram-
negative cocci, Gram-positive rods, P. asaccharolyticus, P. bivia, P. intermedia, P. melani, and S.
intermedius. Neisseria spp. and S. viridans were resistant, since both strains were presented
before and after treatment. No side effects were noticed by the authors in either group.
The results were obtained based on the study of thirty-five students who were classified
as follows: the I group (used marketed toothpaste in their routine oral hygiene) and the II
group (added 10 drops of Propolin containing standardized 20% hydroalcoholic extract of
Bulgarian propolis to the toothpaste before every brushing for 20 days) [16].

El-Allaky et al. [104] assessed the antimicrobial properties of 2% pure propolis in
chewing gum and mouthwash against S. mutans. The authors observed that propolis in
chewing gum and/or mouthwash can be used in the bacterial treatment in high caries risk
children. The results were obtained based on the study of sixty children who constituted
two study groups: the I group (thirty children received propolis chewing gum), and the II
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group (thirty children received propolis mouthwash). In both groups, the authors observed
a highly significant difference between the mean values of the absolute total bacterial
count before and after the intervention. The percentage changes were 28.95 £ 10.66 and
31.65 + 14.62 for the groups I and II, respectively. In case of the absolute count of S. mutans,
no significant differences were observed before and after treatment. The percentage change
decreased by 64.85 & 38.30 and 66.47 + 37.84% for the groups I and II, respectively [104].

The antibacterial efficacy of a propolis-based dentifrice was assessed by
Mohsin et al. [105], and the study focused on S. mutans, which colonized the oral cav-
ity of young patients. The researchers observed an in vivo antimicrobial activity of propolis
dentifrice against S. mutans. The study was carried out on 30 children who used propolis
dentifrice (Probee,™ Quasi-Medical Products, Seoul Propolis) daily for three minutes over
four weeks. The samples of plaque and saliva were collected at baseline as well as in the
1st week, 3rd week, and 4th week, and S. mutans count was estimated with the use of
a Dentocult®SM strip Mutans kit (Orion Diagnostica Oy, Finland). The mean S. mutans
count during the 1st week and 4th week was significantly reduced when compared to
baseline scores. The researchers recorded a statistically significant difference between the
baseline count and the 1st week, 3rd week and 4th week follow up [106]. Alkhaled et al.
(2021) examined the in vivo effect of chlorhexidine and propolis on S. mutans. The authors
observed a decrease in the number of S. mutans strains before and after treatment and
showed that propolis was almost as effective in its antimicrobial activity as chlorhexidine.
The results were obtained based on the study of forty children classified into two study
groups: the I group (twenty children used mouthwash with 0.12% chlorhexidine) and the
II group (twenty children used mouthwash with 5% propolis). Children were not allowed
to use any oral rinse or toothpaste with chlorhexidine 7 days before any clinical procedures
began. During the study, two samples were collected: 1st at the beginning and 2nd after
the child rinsed their mouth with 10 mL of solution for 30 seconds. Then, colonies were
counted from both obtained samples (CFU/mL). In the first group, the observed decrease
was from 173.70 to 25.2, while in the II group, it was from 158.45 to 15.90. In addition,
the following results were obtained: a decrease in the number of S. mutans calculated
between two sample collections expressed as percentage, for three experimental groups.
The propolis group and chlorhexidine group reduction ratios were 85.49% and 89.97%,
respectively [105].

Bapat et al. [94] evaluated the efficiency of propolis mouth rinses on oral pathogens.
The authors determined propolis as an effective agent against oral pathogens S. mutans and
L. acidophilus. The results were obtained in the study of one hundred and twenty patients
who were classified into four groups: the I group (used hot ethanolic propolis extract),
the II group (used cold ethanolic propolis extract), the III group (used chlorhexidine),
and the IV group (used distilled water—placebo). There was a washout period of two
weeks, and oral prophylaxis and polishing were performed. Subjects rinsed their oral
cavities twice a day for 3 months. Saliva was collected at baseline, after 5 minutes, and
after 1 h for a microbiological analysis. The colony count was performed using an electron
microscope for L. acidophilus and S. mutans and was expressed as the number of CFU per
mL of saliva. There were six concentrations of propolis in each group (2 ug/mL; 5 ng/mL;
10 pg/mL; 25 pg/mL; 50 pg/mL and 75 pg/mL). For S. mutans, hot ethanol propolis
mouthwashes obtained the following results: 2 pg/mL (resistant); 5 ng/mL (8.25 & 1.20);
10 pg/mL (11.12 4 1.20); 25 pug/mL (12.05 £ 1.01); 50 pug/mL (12.08 £ 0.707) and 75 pg/mL
(12.80 & 2.558). S. mutans for cold ethanol propolis mouthwashes obtained the following
results: 2 pg/mL (resistant); 5 ug/mL (7.78 £ 1.15); 10 pg/mL (8.50 & 0.56); 25 pg/mL
(13.56 £ 1.20); 50 ug/mL (14.40 & 0.894) and 75 ug/mL (15.60 & 1.949). For L. acidophilus,
hot ethanol propolis mouthwashes obtained the following results: 2 pg/mL (resistant);
5 ng/mL (8.25 &+ 1.25); 10 ug/mL (8.05 = 1.16); 25 pg/mL (13.60 £ 1.14); 50 pg/mL
(17.70 £ 0.447) and 75 pg/mL (19.80 & 0.901). For L. acidophilus, cold ethanol propolis
mouthwashes obtained the following results: 2 pg/mL (resistant); 5 ng/mL (7.25 + 1.77);
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10 pg/mL (8.45 & 2.20); 25 ug/mL (10.55 £ 1.23); 50 pg/mL (15.20 £ 1.789) and 75 pg/mL
(17.60 +£ 3.130) [94].

Faveri et al. [25] analyzed the impact of 3% Brazilian propolis extract and 0.12%
chlorhexidine on 39 bacterial species of oral microbiota. The authors suggest that the use of
a 3% propolis mouth rinse can prevent morning breath. The results were obtained based on
the study of thirty patients who were classified into three groups: the I group (ten patients
used placebo), the II group (10 patients used 3% Brazilian propolis ethanol extract), and the
III group (ten patients used 0.12% chlorhexidine). At the day 10 time point, no significant
differences were observed. Between the 10 and 15 time points, a significant reduction in P.
nigrescens, A. naeslundii, F. periodonticum, P. intermedia, P. gingivalis, T. denticola, C. ocheacea,
A. naelundii, A. isrelli, and T. forsythia in the II group was observed. P. acnes showed a
significant increase in the II group. In the III group, the authors observed a significant
reduction in T. forsythia, P. gingivalis, and T. denticola. In case of the I group, a significant
increase in A. naeslundi, P. micra, S. oralis, F. nucleatum ssp vincentii, P. acnes, E. nodatum, and
S. anginosus was observed after 5 days of treatment. The total counts of organisms present
on the tongue surface showed a significant decrease for the II and III groups [25].

Patients who had periodontal disease constituted the group studied by Lisbona-
Gonzaélez et al. [29]. The researchers evaluated the antimicrobial effects of a mouthwash
with propolis and assessed how the propolis paste formulation affected dental healing
after teeth extraction. The common staining of the mouth/tongue could be avoided when
propolis and chlorhexidine were used as ingredients of the mouthwash. Moreover, propolis
paste proved to be an alternative substance to be used after dental extraction for healing
the socket. Additionally, this paste could control the inflammatory process more effectively
over the experimental period. A decrease in CFU of S. mutans and Lactobacillus spp. observed
in propolis and chlorhexidine + propolis samples was recorded by researchers [29].

In another study, Lisbona-Gonzalez et al. [42] evaluated how Spanish propolis extract
(EEP) affected the clinical and microbiological parameters when it was used as an adjuvant
to scaling and root planning in supportive periodontal therapy (SPT) patients. The authors
suggest that EEP used subgingivally could be a helpful adjuvant in periodontal therapy,
since microbial resistance and other adverse effects could be eliminated. The results were
obtained based on the study of forty patients who were classified into three groups: the I
group (twenty patients who underwent scaling and root planning, after which physiological
saline was used for gingival irrigation—the controls) and the II group (twenty patients
who underwent scaling and root planing after which EEP was placed subgingivally). The
researchers concluded that EEP could be used in prophylaxis and in the treatment of
periodontal diseases. EEP would improve clinical parameters, reduce gingival bleeding,
and decrease the number of T. forsythensis and P. gingivalis [42].

Lotif et al. [107] researched the antimicrobial effect of Brazilian red propolis on Lac-
tobacilluss spp. The authors showed that Brazilian red propolis has antibacterial activity
against the analyzed strains. The results were obtained based on the study of forty-two
participants who were divided into three groups: the I group (fluoridated Brazilian red
propolis dentifrice) and the II group (fluoridated common dentifrice). For the first dilution
(1:10), the analysis of Lactobaillus spp. strains from patients’ saliva showed a decrease in
the count of the analyzed strain from 1.15 &+ 0.41 at day 0 to 0.68 £ 0.15 on day 28 for the
I group as well as an increase from 1.33 & 0.52 on day 0 to 1.84 £ 0.39 at day 28 for the
II group. For the second dilution (1:100), the corresponding values in G1 and G2 were
0.87 & 0.34 and 0.64 &= 0.37 as well as 1.54 £ 0.47 and 1.62 £ 0.37, respectively [107].

Naggar et al. [108] selected a group of high caries risk patients for their study to re-
search propolis and pomegranate mouthwashes in comparison with chlorhexidine mouth-
wash. The aim of the study was to assess their antibacterial activity. The researchers
found out that propolis and pomegranate mouthwashes could constitute an alternative to
chlorhexidine mouthwash. The results were obtained based on the study of eighty patients
who were divided into four groups: the I group (used propolis mouthwash), the II group
(used pomegranate mouthwash), the III group (used chlorhexidine mouthwash), and the
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IV group (used saline). The sample of saliva was collected at baseline, immediately after
the application of mouthwash, and after seven days. pH values of the saliva samples and S.
mutans bacterial count were estimated. No statistically significant difference between the
total percentage reduction in bacterial counts was observed in all groups. However, the
lowest values were recorded immediately after the use [108].

Nakao et al. [109] studied the effect of topical application of an oral gel containing propolis
on radiotherapy-related oral complications caused by P. gingivalis. The authors confirmed that
propolis is not only effective in decreasing the number of P. gingivalis but also relieves oral pain.
The results were obtained based on the study of twenty-seven patients who were divided into
five groups: the I group (six patients used an oral gel with placebo), the II group (five patients
used an oral gel with chlorhexidine), the Il group (five patients used an oral gel with curry leaf),
the IV group (six patients used an oral gel with propolis), and the V group (five patients used
an oral gel with turmeric). The participants of the study were informed about the procedures
during the first visit and gave their consent. Then, samples were collected before and after
the treatment, during the second and fourth visit. Each subject used gel once every night after
brushing their teeth for 1 month during the study. They were asked to collect saliva themselves
before brushing their teeth in the morning during the second and fourth visit. Propolis was used
at the concentration of 100 pg/mL and inhibited both the growth and biofilm formation of P.
gingivalis. At the baseline visit, 92% of subjects felt dryness in the oral cavity, and 52% of subjects
had pain in the oral cavity. Each intervention was examined on bacteria clearance in saliva by
species-specific real-time PCR analysis. For propolis, the amount of P. gingivalis in saliva was
reduced from 100 to 20% [109].

Siqueira et al. [110] analyzed in vivo the effects of Brazilian red propolis and xylitol
chewable tablets. The obtained results suggest that the tablets can be not only an effective
alternative, but they cost less. Moreover, they are natural adjuncts which could be applied
to prevent dental caries and other periodontal diseases. The results were obtained based
on the study of twelve participants who were divided into three groups: the I group (used
placebo) and the II group (used the tested tablets). The analysis of saliva showed a decrease
in the CFU of S. mutans. The log;oCFU/mL values were 2.74 and 2.52, respectively, for
before and after treatment for the II group. For the placebo group, the log1oCFU/mL values
were 2.20 and 2.29, respectively, for before and after treatment [110].

Wiatrak et al. [111] evaluated tea tree essential oil (TTO) toothpaste with natural and
ethanolic extract of propolis (EEP). They focused on the effect on microflora and certain
oral health indicators. The study group included the patients who used removable acrylic
partial dentures. The study proved that toothpaste with natural antimicrobial substances
significantly decreased the number of oral microbiota. Therefore, the antimicrobial and
antifungal activity of those natural antimicrobial substances, i.e., TTO and EEP, was con-
firmed. The results were obtained based on the study of fifty patients who were divided
into three groups: the I group (which used the toothpaste with TTO and EEP) and the II
group (which used the same toothpaste but without TTO and EEP). Control visits took place
7 and 28 days later and were compared to baseline. The authors observed a decrease in the
number of strains isolated from smears from 108 microorganisms (1st day) to 96 strains
(7th day) and 80 strains (28th day) in the group using toothpaste. In the control group, the
number of microorganisms increased from 100 strains (1st day) to 101 (7th day) and 104
(28th day) [111].

Seth et al. [112] evaluated the antimicrobial activity of 25% propolis extract irrigation.
The obtained results suggest that the propolis extract is as effective as chlorhexidine. More-
over, the propolis extract plays an important role in periodontal therapy. The results were
obtained based on the study of twenty patients who were divided into three groups: the I
group (received irrigation with 0.2% chlorhexidine) and the II group (received irrigation
with 25% propolis extract). The obtained results of CFU indicated a reduction in the number
of the colony from 1500 + 135.54 to 75 4 14.28 for the I group and from 1445 + 137.21 to
82.5 £ 13.59 from the II group [112].
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5. Discussion

Taking into account the MIC and MBC values as well as the inhibition zones for
different microorganisms, which could be found in the reviewed papers, we prepared
Figure 3a—c, which shows mean values of MIC and MBC in pug/mL as well as inhibition

zone in mm.
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Figure 3. Antibacterial activity of propolis: (a) The mean MIC values +=SEM expressed in pg/mL for
the bacterial strains causing oral cavity infections [7,14,15,19,21,34,36,59-65,68,71,72,75-77,82,84,85,
87,89-94,97,98,100]; (b) The mean MBC values +SEM expressed in ug/mL for the bacterial strains
causing oral cavity infections [14,15,19,21,34,59,60,63,66,68,75,77,82,84,85,91,98,100]; (c) The mean
inhibition zone +SEM expressed in mm for the bacterial strains causing oral cavity infections [6,15,
31,63,64,66,67,73,81,83,86,93,95,96].
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Based on the average values of MIC (ug/mL) (Figure 3a), it can be concluded that
the lowest MIC values for propolis were recorded in Eikenella spp., Peptostreptococcus spp.,
and Veionella spp. Propolis exhibited the highest antimicrobial activity against the same
strains. Interestingly, various types of propolis did not affect Actinomyces spp., Lactobacillus
spp., and Streptococcus spp. (average MIC: 0.50, 9.45, and 0.81 mg/mL, respectively). For
MBC (in pg/mL) (Figure 3b), the highest antimicrobial activity was recorded in case of
Peptostreptococcus spp., and Veionella spp. It is noteworthy that Actinomyces spp., Lactobacil-
lus spp., and Streptococcus spp. (average MBC: 0.84, 8.24, and 2.71 mg/mL, respectively)
were also the most resistant to different types of propolis. In case of the inhibition zone
(Figure 3c), the most sensitive to propolis extract are Porphyromonas spp., Aggregatibacter
spp., Streptococcus spp., Actinomyces spp., and Fusobacterium spp. with inhibition zones of
2.20,1.46,1.02, 0.90, and 0.69 cm, respectively. The most resistant is Lactobacillus spp. with
an inhibition zone of 0.54 cm. Moreover, the presented results confirm that propolis may be
employed to treat bacterial infections of the oral cavity, such as periodontitis, tooth decay,
supragingival plaque, subgingival plaque, gingivitis, RAS, and pharyngitis.

The observed high values of SEM In MIC and MBC recorded for the same genus of
bacteria may result from the fact that the bee product effect persists over varied amounts
of time in the tested microorganisms. Moreover, propolis may contain various active
substances at different concentrations. The sensitivity of the tested bacterial strains differed,
and researchers used various methods to estimate their bioactivity [113]. To achieve the
standardization of bee products, a lot of aspects must be taken into consideration [114]:

e Composition: depends on the geographic specificity of the region, ecoregions, flora,
and on when and how bee products were collected;
The content of the nutritional and active ingredients;
The storage condition: raw propolis at 4°C or -20°C in dark for 30 days;
Different assessment methods, e.g., GC-MS to analyze the chemical composition
of raw propolis, HPLC in gradient mode coupled with PAD to analyze the most
appropriate ingredients of propolis, headspace solid-phase microextraction (HS-SPME)
techniques to establish the fingerprint of raw propolis samples from various regions,
and electrochemical techniques to determine the antioxidant properties of propolis
samples at an early stage.

The review by Luo et al. [114] discusses thoroughly the above-listed issues.

6. Conclusions

Propolis is a natural bee product containing even over 300 different active substances
such as resin and balsams, essential oils and wax, pollens, amino acids, enzymes, minerals,
vitamins, glucose, flavonoids, phenolic compounds, aromatic acids, esters, terpenes, and
beta-steroids. A lot of the mentioned substances possess antibacterial activity—especially
flavonoids, which increase bacterial membrane permeability as well as inhibit bacterial
genetic coding, nucleic acid synthesis, the attachment and formation of biofilms, the energy
metabolism of bacteria, or bacterial nucleic acid synthesis. Caffeic acid phenethyl ester
also increases bacterial membrane permeability and inhibits bacterial RNA polymerase. It
should be highlighted that the geographic zone of origin, specificity of local flora, plant
sources, and the collection season are responsible for the diversity of biologically active
compounds present in bee products.

Our review, based on in vitro and in vivo studies, shows that propolis is a very promis-
ing product for treating bacterial infections of the oral cavity, which can lead to periodontitis,
gingivitis, caries, plaque (supragingival and subgingival), recurrent aphthous ulcers (RAS),
and pharyngitis. Moreover, propolis in comparison to the pharmacological treatment of
bacterial infections is much safer, since it does not lead to as many side effects as antibiotic
treatment. Hypersensitivity represents a more frequent side effect of propolis, which results
in allergic reactions. Taking into account the observed results as well as the biologically ac-
tive compounds of propolis, more research is needed to determine its chemical composition
and to describe the side effects of various types of propolis to select a safe concentration.
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Propolis appears to be an adequate alternative to the medications used daily to treat oral
bacterial infections.
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